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M(n, d) denotes a maximal set of n-place binary sequences with 
entries 0 and 1 such that the Hamming distance between any two se- 
quences of the set is at least d. ]M(n, d) [ denotes the number of se- 
quences in the set M(n, d). In this paper we obtain some lower bounds 
for ]M(n, d) ] for special values of n and d. The result is in a way a 
generalization of Theorem 2(iii) proved in our earlier paper (Bambah 
et al., 1961). 
1. Let C~ denote the set of all n-place binary sequences formed out 
of the symbols 0 and 1. The Hamming distance ~(a, B) between two 
sequences a and/3 is defined to be the number of places where they dif- 
fer from each other. By an n-place binary code with minimum distance 
d we mean any subset A of C~ such that the distance between any two 
members of A is at least d. A code is called maximal if no other code 
with the same minimum distance has a larger number of elements. 
In this paper, as in our earlier paper (Bambah et al., 1961), we shall 
consider sequences with entries 1 and -1  instead of sequences with 
entries 1 and 0, the definition of the distance ~(a,/3) between any two 
sequences a and /~ still being the number of places where they differ 
from each other. This slight change makes more convenient the use of 
the properties of the Legendre Symbol. 
2. Burgess (1957) has shown that the following result is a consequence 
of the results of Well (1945) :
THEOREM A. Let f(x) be a polynomial of odd degree k, the coei~cients 
being integers modulo p where p is a given odd prime. Then 
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PROOF: We may obviously assume that u~, . . .  
to each other modulo p. Let 
x~l 
Writing y for x -t- u~ we see that 
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Making use of Theorem A we prove 
T~EOaE~ B. Let p be an odd prime and let 
f (x )  = (x + ul) "'" (x -J- u~) 
where k is e~'en and u~ , • • • , ~ are such that f (x)  is not congruent modulo 
p to the square of a polynomial. Then 
, u~ are incongruent 
==o \~-7  
where 0, Yl , " " " , Yk--1 are incongruent to each other modulo p. Thus 
) ~](~J @- Vl) " ' "  (Y + vk-1)_ =< + 1 
= p 
= ~(y(y+vl)y=~ .'.p (y+vk-1) )  +1 
= ~((1~=1 +zv~) . . .  ( lp  +zvk_~))  + 1 
where z is the inverse of y modulo p. The application of Theorem A now 
gives the result. 
We use the above results to prove the following generalization of 
Theorem 2(iii) of Bambah et al. (1961). 
THEOREM. Let p be an odd prime and t an integer for which 
½(p -- 1) -- (t -t- l) -- (t -- 1)%//p > O. 
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Then 
M (p - -  1, p -2-- 1 
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(t "-k 1) -- (t -- 1)V/p) 
> 2(1 + PCl -k  " ' "  -~ ~'Ct). 
])ROOF: For  1 < x < p - -  1 and 0 ___< j < p - -  1 we define 
Ixq- j  if x~p- j ,  
x®j= t 
lJ if x=p- j .  
I t  is obvious that  for fixed j ,  0 < j < p - 1, x @ j runs through a 
reduced residue system modulo p as x varies f rom 1 to p - 1. 
For  any  nonempty  subset J of the set {0, 1, 2, . . .  , p --  1} we let 
= (~cl~j (1 @ j~ ,,, I I  (p - -  1 ~ j ) )  
a j  \ -~- - / '  ' JcJ P ' 
and we let 
~,  = (1 ,  . . -  ,1 ) .  
I f  d and d '  are two different subsets of {0, 1, 2, . . .  , p - 1} we define 
Sj , j ,  by  
8,.,, =E l l  
x=l aEJ a' ' 
x=l j 
where JA J '  denotes the symmetr ic  difference of the sets d and d ' .  
I f  JAJ' = {3"1 , ' " , j ,}  then 
&'"=Z((x+jl)(x+j~) )1<=~<__,,-1 
x~p- -31 , "  • " ,P - - J~  
= 
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and so by the application of Theorems A and B we see that 
i(.~ + ~) + (8 - 2 )w/5  
r~ Iherefore 
p - -1  
and 
p -1  
2 
if s is odd, 
(s + t) + (s - 1)x/~ < 8(al ,  Ogj,) 
2 
- 1 (~ + 1) + (s - 1 )v /}  P < + 
2 2 
if s is even. 
if s is odd 
(*) 
2 
< p - 1 + (.~ + 2) + (~ - 2 )v /~ if 8 is even 
= 2 2 
where s is the number of elements in J~ J ' .  
Consider now the (1 + PC1 + PC2 ÷ - "  + PC~) sequences aj  where 
J is any subset of {0, 1, . - -  , p - 1~ having tess than or equal to t 
elements. I f  ~ is the distance between any two of these sequences, we 
see, on using (*), that 
p - ~ (2t + 2) + (2t - 2 )~/~ 
2 2 
< ~_  p - 1 + (21 +2)  + (21-  2 )~/p  
2 2 
This together with Lemma 1 of Bambah et al. (1961) proves the result. 
Note added in proof: Using wetl known results on the distr ibut ion of pr imes 
one e~n obtain from the main theorem of this paper lower bounds for I M(n, d) i 
for all n and suitable values of d 
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